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Specification 



[Title of the Invention] Reflective Liquid Crystal Device 



[What Is Claimed Is] 



[Claim 1] A reflective liquid crystal device, comprising a pair 
of opposing substrates having electrodes on the inside, a liquid 
crystal sandwiched between said substrates, at least one 
polarizing plate, and a reflector, characterized in that 

said reflector is a mirror reflector, and a scattering plate 
is provided on the outer surface of the substrate on the side of 
the incident light. 

[Claim 2] A reflective liquid crystal device as defined in Claim 
1, characterized in that 

said scattering plate backscatters 0.5%~10% of the incident 

light within the range of a 10° cone centered on the direction of 
mirror reflection. 



[Claim 3] A reflective liquid crystal device as defined in Claim 
1 or Claim 2, characterized in that 

the liquid crystal molecules oriented on the metallic wiring 
are oriented in the same manner as the liquid crystal molecules 
of the pixel section. 

[Claim 4] A reflective liquid crystal device as defined in Claim 
1, Claim 2 or Claim 3, characterized in that 

said reflector and said polarizing plate are placed on the 
inner surface of the substrate. 

[Claim 5] A reflective liquid crystal device as defined in Claim 
1, Claim 2 or Claim 3, characterized in that 

said reflector is placed on the inner surface of the 
substrate, and only one of said polarizing plate is placed on the 
outer surface of the substrate on the side of the incident light. 

[Claim 6] A reflective liquid crystal device as defined in any 
of Claim 1 through Claim 5, characterized in that 

at least two colors of color filters are provided in the 
inner surface of said substrate. 

[Claim 7] A reflective liquid crystal device as defined in any 
of Claim 1 through Claim 6, characterized in that 
the display is a normally-white type. 

[Detailed Description of the Invention] 



[0001] 



[Field of the Invention] 



The present invention relates to a reflective liquid crystal 
device. 

[Prior Art] 

In recent years, pursuant to advances in informatization, 
small-scale portable information terminals such as a PDA 
(Personal Digital Assistant) have become widely used. For these 
portably used apparatuses, a reflective display device not using 
a backlight becomes necessary. 

[0003] 

Originally, as a mode for a liquid crystal device used as a 
reflective display device, there are the TN (Twisted Nematic) and 
STN (Super Twisted Nematic) modes, which use a polarizing plate. 
However, because these modes use two polarizing plates, there are 
great problems from the standpoint of brightness in particular. 

[0004] 

Various modes have been considered in order to improve 
brightness* As a mode not using a polarization plate, which is 
the greatest factor decreasing brightness, there are the PDLC 
(Polymer Distributed Liquid Crystal) and PCGH (Phase Change Guest 
Host) modes. However, these modes have many problems, for 
example, the contrast becomes lower in place of having achieved 
the brightness, and in the end it does not become brighter when 
doing such as increasing the dye in order to obtain a sufficient 
contrast. 

[0005] 

As modes which suppress the reduction of the efficiency of 
light utilization by using only one polarizing plate, there are 
the R-OCB (Refractive Optically Compensated Birefringence: 
Preprints of the 21st Liquid Crystal Forum, Shingaku Giho EID95- 
146) and the SPD (Single Polarizer Display: Japanese Laid-Open 
Patent No. 3-223715, Japanese Laid-Open Patent No. 4-97121) 
modes . 

[0006] 

R-OCB uses a forward scattering plate and a mirror 
reflector, and SPD used a scattering reflector identical to the 
TN mode, and the like, for the reflector. According to the 
aforementioned literature, because R-OCB uses a mirror surface on 
the reflector, it becomes easy to provide the reflector inside 



the liquid crystal cell. Therefore, the influence of neighboring 
pixels is prevented, and images can be obtained with high 
contrast and no fading. According to the aforementioned patent 
reports, SPD uses a scattering reflector for the reflector. 
Because it has one less polarizing plate compared with the TN 
mode and STN mode, it becomes brighter. Also, by using the same 
forward scattering plate and mirror reflector as R-OCB, it 
becomes possible to obtain a bright display in the same manner. 
The application of a scattering plate itself has been proposed in 
Japanese Laid-Open Patent 59-3 6282, and the like, but in the past 
it was used for the purposes such as for antiglare by preventing 
the reduction of properties due to peripheral light. 

[0007] 

[Problems the Invention Tries to Solve] 

Nevertheless, these modes do not compensate the loss of 
light due to the polarizing plate, and still it cannot be said 
that they have secured a sufficient brightness as a reflective 
liquid crystal device. Also, when using a forward scattering 
plate and a mirror reflector, there is scattering and light loss 
in the position sandwiched by the substrates. Also, the R-OCB 
mode uses the normally-black mode to secure contrast, but this 
too reduces brightness. 

[0008] 

The present invention has realized the fact that an even 
brighter display can be obtained by using a scattering plate 
including backscattering, while using a polarizing plate for 
obtaining high contrast. 

[0009] 

The aim of the present invention is to obtain a reflective 
liquid crystal device that is bright and has a high contrast. 

[0010] 

[Means to Achieve the Object] 

The reflective liquid crystal device as defined in Claim 1 
comprises a pair of opposing substrates having electrodes on the 
inside, a liquid crystal sandwiched between said substrates, at 
least one polarizing plate, and a reflector, and is characterized 
in that said reflector is a mirror reflector, and the liquid 
crystal device comprises a scattering plate on the outer surface 
of the substrate on the side of the incident light. Here, a 
retardation plate also may be provided for the purpose of color 



compensation or visual angle compensation between the polarizing 
plate and the substrate. 

[0011] 

By taking this configuration, because a display is possible 
having a sufficient contrast even in the direction of the light 
source reflection, there is the feature of being able to obtain a 
bright display, 

[0012] 

The reflective liquid crystal device as defined in Claim 2 
is characterized in that said scattering plate backscatters 

0.5%~10% of the incident light within the range of a 10° cone 
centered on the direction of mirror reflection. 

[0013] 

By taking this configuration, there is the feature of being 
able to achieve a sufficient contrast on top of having assured 
brightness . 

[0014] 

The reflective liquid crystal device, as defined in Claim 3 
is characterized in that the liquid crystal molecules oriented on 
the metallic wiring are oriented in the same manner as the liquid 
crystal molecules of the pixel section. 

[0015] 

By taking this configuration, there is the feature of being 
able to obtain most of the reflected light, not only from the 
drive section, but also from the metallic wiring section. 

[0016] 

The reflective liquid crystal device as defined in Claim 4 
is' characterized in that said reflector and said polarizing plate 
are placed on the inner surface of the substrate. 

[0017] 

By this configuration, there is the feature of the distance 
between the liquid crystal and the reflector disappearing, and 
the contrast being improved. 



[0018] 



The reflective liquid crystal device as defined in Claim 5 
is characterized in that said reflector is placed on the inner 
surface of the substrate, and only one of said polarizing plate 
is placed on the outer surface of the substrate on the side of 
the incident light • 

[0019] 

By this configuration, on top of the distance between the 
liquid crystal and the reflector disappearing, and the contrast 
being improved, there is the feature of the display becoming even 
brighter due to the fact that only one polarizing plate is used. 

[0020] 

The reflective liquid crystal device as defined in Claim 6 
is characterized in that said liquid crystal device comprises at 
least two colors of color filters in the inner surface of said 
substrate . 

[0021] 

By taking this configuration, there is the feature of being 
able to obtain a color display having a sufficient color purity 
even with comparatively weak-colored color filters. 

[0022] 

The reflective liquid crystal device as defined in Claim 7 
is characterized in that the display is a normally-white type. 

[0023] 

By taking this configuration, there is the feature of 
becoming brighter overall. 

[0024] 

[Description of the Preferred Embodiments] 

The present invention is explained below based on the 
drawings . 

[0025] 

(Embodiment 1) 



Fig. 1 is a cross-section drawing of a reflective liquid 
crystal device pertaining to the invention as defined in Claim 1 
of the present invention. First the configuration is explained. 



1 is a scattering plate, 2 is an upper polarizing plate, 3 is an 
upper substrate, 4 is an upper electrode, 5 is liquid crystal, 6 
is a lower electrode, 7 is a lower substrate, 8 is a lower 
polarizing plate, and 9 is a mirror reflector. Liquid crystal 5 

is twisted 90° in the cell, and it is TN mode, whereby the 
absorption axes of polarizing plates 2 and 8 coincide with the 
lag phase axis of liquid crystal 5 at the proximal boundary. The 
product An x d of the thickness d of liquid crystal 5 and the 
birefringence An is 0.48|^m. 

[0026] 

The reflective liquid crystal device of the above 
configuration had a brightness of 25% and contrast of 1:15 during 
white display in the normal direction of the substrate in a room, 
and a brightness of 45% and contrast of 1:12 in the direction of 
reflection of a ceiling lamp. Even in the direction of 
reflection, due to a backscattering effect, there is no 
reflection of the image of the ceiling lamp and a high contrast 
can be obtained. 

[0027] 

Because the light in the direction of reflection is used 
effectively while maintaining a sufficient contrast in this 
manner, a very bright display can be obtained. 

[0028] 

(Embodiment 2) 

Fig. 2 is a cross-section drawing of a reflective liquid 
crystal device of the present embodiment pertaining to the 
invention as defined in Claim 1 of the present invention. 1 is a 
scattering plate, 2 is an upper polarizing plate, 3 is an upper 
substrate, 4 is an upper electrode, 5 is liquid crystal, 6 is a 
lower electrode, 7 is a lower substrate, and 9 is a mirror 
reflector. 

[0029] 

Fig. 3 shows the polarizing axis and rubbing direction of 
the polarizing plates in the reflective liquid crystal device 
shown in Fig. 2. 31 is the transmissive axis of upper polarizing 
plate 2, 32 is the rubbing direction of liquid crystal 5 on upper 
substrate 3, 33 is the rubbing direction of liquid crystal 5 on 
lower substrate 7, 34 is the angle 01 formed by the transmissive 
axial direction 31 of the upper polarizing plate 2 with the 
horizontal direction, 35 is the angle 02 formed by the rubbing 



direction 32 of the upper substrate 3 with the horizontal 
direction, and 36 is the angle 93 formed by the rubbing direction 
33 of the lower substrate 7 with the horizontal direction. The 
angles are positive counterclockwise, and are shown from -180° to 
180°. The horizontal direction indicates the left-right 
direction of the liquid crystal device. 

[0030] 

Fig. 4 is a cross-section drawing of a reflective liquid 
crystal device of another embodiment pertaining to the invention 
as defined in Claim 1 of the present invention. 1 is a 
scattering plate, 2 is an upper polarizing plate, 41 is a 
retardation plate, 3 is an upper substrate, 4 is an upper 
electrode, 5 is liquid crystal, 6 is a lower electrode, 7 is a 
lower substrate, and 9 is a mirror reflector. 

[0031] 

Fig. 5 shows the polarizing axis and rubbing direction of 
the polarizing plates in the reflective liquid crystal device 
shown in Fig. 4. 31 is the transmissive axis of upper polarizing 
plate 2, 51 is the direction of the lag phase axis of retardation 
plate 41, 32 is the rubbing direction of liquid crystal 5 on 
upper substrate 3, 33 is the rubbing direction of liquid crystal 
5 on lower substrate 7, 34 is the angle 01 formed by the 
transmissive axial direction 31 of the upper polarizing plate 2 
with the horizontal direction, 35 is the angle 02 formed by the 
rubbing direction 32 of the upper substrate 3 with the horizontal 

direction, 36 is the angle 03 formed by the rubbing direction 33 
of the lower substrate 7 with the horizontal direction, and 52 is 

the angle 04 formed by the direction the lag phase axis 51 of the 
retardation plate 41 with the horizontal direction. 

[0032] 

These angular conditions and the values of An x d are shown 
in Table 1 below. In Table 1, Nos. 1-3 correspond to the 
configuration of Fig. 2, and Nos. 4-6 correspond to the 
configuration of Fig. 4. The unit of An x d in the table is in 
jam. 

[0033] 
[Table 1] 



1 
2 



phase variation 
twist direction 



3 
4 
5 



right 

left 

degrees 



[0034] 



Their properties are shown in the table below. 



[0035] 



[Table 2] 



1 

2 
3 
4 



normal direction of substrate 
direction of mirror reflection 
reflectivity 
contrast 



[0036] 



A display of sufficient contrast and brightness identical to 
Embodiment 1 can be obtained. 

[0037] 

(Comparative Example 1) 

Fig. 6 is a cross-section drawing of a reflective liquid 
crystal device of Comparative Example 1. 2 is an upper 
polarizing plate, 3 is an upper substrate, 4 is an upper 
electrode, 5 is liquid crystal, 6 is a lower electrode, 7 is a 
lower substrate, 8 is a lower polarizing plate, and 61 is a 
scattering reflector. In the same manner as Embodiment 1, liquid 

crystal 5 is twisted 90° in the cell, and it is TN mode, whereby 
the absorption axes of polarizing plates 2 and 8 coincide with 
the lag phase axis of liquid crystal 5 at the proximal boundary. 
The product An x d of the thickness d of liquid crystal 5 and the 
birefringence An is 0.48jim. 



The reflective liquid crystal device of the above 
configuration had a brightness of 25% and contrast of 1:15 during 
white display in the normal direction of the substrate in a room. 
However, in the direction of reflection of a ceiling lamp, due to 
reflection of the image of the ceiling lamp, the brightness 
during white display became 62%, the contrast became 1:2, and it 
could not stand to practical use. 



[0038] 



[0039] 



(Embodiment 3) 



Fig. 7 is a drawing showing the configuration and properties 
of a scattering plate of a reflective liquid crystal device 
pertaining to the invention as defined in Claim 2 of the present 
invention. In Fig. 7, 1 is a scattering plate, 71 is incident 
light, 72 is positively reflected light, and 73 is a 10° cone 
centered on positively reflected light 72. Scattering plate 1 of 
Embodiment 3 scatters 5% of the incident light into 10° cone 73. 

[0040] 

A scattering plate having the above properties was obtained, 
as in Shlngaku Giho EID95-146, by creating forward scattering by 
mixing of particles having a refractivity different from the 
medium, and adjusting the back scattering by providing minute 
irregularities on the surface. If this scattered light is 
greater than 10%, reflection of the light source becomes greater 
and the contrast decreases. Conversely, if it is less than 0.5%, 
fading of the display becomes too much. 

[0041] 

Also, the configuration of the present embodiment is 
identical to that of Embodiment 1. Liquid crystal 5 is twisted 
90° in the cell, and it is TN mode, whereby the absorption axes 
of polarizing plates 2 and 8 coincide with the lag phase axis of 
liquid crystal 5 at the proximal boundary. The product An x d of 
the thickness d of liquid crystal 5 and the birefringence An is 
0 . 48|om. 

[0042] 

The reflective liquid crystal device of the above 
configuration had a brightness of 26% and contrast of 1:15 during 
white display in the normal direction of the substrate in a room, 
and a brightness of 43% and contrast of 1:13 in the direction of 
reflection of a ceiling lamp. 

[0043] 

(Embodiment 4 ) 

In the present embodiment, the scattering plate shown in 
Fig. 7 was applied to the configuration of Fig. 2 and Fig. 4 used 
in Embodiment 2. The axis of polarization of the polarizing 
plate, the An x d of the liquid crystal, and the retardation 
plate were set in the same manner as Fig. 3 and Fig. 5, and their 
properties are shown in Table 3. 



[0044] 



[Table 3] 



1 
2 
3 
4 



normal direction of substrate 
direction of mirror reflection 
reflectivity 
contrast 



[0045] 



A display of sufficient contrast and brightness identical to 
Embodiment 1 can be obtained. 



Fig. 8 is a drawing showing the essential components of a 
reflective liquid crystal device pertaining to the invention as 
defined in Claim 3 of the present invention. 1 is a scattering 
plate, 2 is an upper polarizing plate, 3 is an upper substrate, 5 
is liquid crystal, 7 is a lower substrate, 8 is a lower 
polarizing plate, 9 is a mirror reflector, 81 is an opposing 
electrode (scan line) , 82 is a signal line, 83 is a pixel 
electrode, and 84 is an MIM element. Liquid crystal 5 is twisted 
90° in the cell, and it is TN mode, whereby the absorption axes 
of polarizing plates 2 and 8 coincide with the lag phase axis of 
liquid crystal 5 at the proximal boundary. The product An x d of 
the thickness d of liquid crystal 5 and the birefringence An is 
0.48|im. The same item as in Embodiment 3 was used for the 
scattering plate. 



The pitch of the pixels was made perpendicular and parallel 
to the signal line and set to 160pim, the width of the signal line 
was made 10|am, the gap between signal line and pixel electrode 
was made 10|xm, and the gap between adjacent pixel electrode and 
pixel electrode was made 10|am. 



In a reflective liquid crystal device of the above 
configuration, when the liquid crystal on signal line 82 and the 
area outside the pixel section of opposing electrode 81 was 
oriented by rubbing processing in the same manner as the area on 
pixel electrode 83, it had a brightness of 23% and contrast of 
1:14 during white display in the normal direction of the 



[0046] 



[0047] 



[0048] 



substrate in a room, and a brightness of 43% and contrast of 1:11 
in the direction of reflection of a ceiling lamp. 

[0049] 

By the way, because the paintability on a metallic electrode 
differs from that of the ITO of a pixel electrode, even when 
painting an orientation film, it often comes off. In such a 
case, that is, when orientation processing was not applied on 
signal line 82 it had a brightness of 19% and contrast of 1:14 
during white display in the normal direction of the substrate in 
a room, and a brightness of 40% and contrast of 1:11 in the 
direction of reflection of a ceiling lamp. 

[0050] 

In both cases, it is possible to obtain a high contrast in 
the optimal position and an extremely bright display, but by 
providing orientation processing on the metallic wiring as well, 
an even brighter display could be obtained. 

[0051] 

(Embodiment 6) 

Fig. 9 is a drawing showing the configuration of a 
reflective liquid crystal device pertaining to the invention as 
defined in Claim 3 of the present invention. 1 is a scattering 
plate, 2 is an upper polarizing plate, 3 is an upper substrate, 5 
is liquid crystal, 7 is a lower substrate, 9 is a mirror 
reflector, 81 is an opposing electrode (scan line), 82 is a 
signal line, 83 is a pixel electrode, and 84 is an MIM element. 
The gap between pixel and pixel was made perpendicular and 
parallel to the signal line and set to 160jim, the width of the 
signal line was made 10|im, the gap between signal line and pixel 
electrode was made lOjiin, and the gap between adjacent pixel 
electrode and pixel electrode was made lOjxm. 

[0052] 

Fig. 3 shows the polarizing axis and rubbing direction of 
the polarizing plates in the reflective liquid crystal device 
shown in Fig. 9. 31 is the transmissive axis of upper polarizing 
plate 2, 32 is the rubbing direction of liquid crystal 5 on upper 
substrate 3, 33 is the rubbing direction of liquid crystal 5 on 

lower substrate 7, 34 is the angle 01 formed by the transmissive 
axial direction 31 of the upper polarizing plate 2 with the 
horizontal direction, 35 is the angle 02 formed by the rubbing 
direction 32 of the upper substrate 3 with the horizontal 



direction, and 36 is the angle 03 formed by the rubbing direction 
33 of the lower substrate 7 with the horizontal direction. 

[0053] 

Fig. 10 is a drawing showing the configuration of another * 
reflective liquid crystal device pertaining to the invention as 
defined in Claim 3 of the present invention. 1 is a scattering 
plate, 41 is a retardation film, 2 is an upper polarizing plate, 
3 is an upper substrate, 5 is liquid crystal, 7 is a lower 
substrate, 9 is a mirror reflector, 81 is an opposing electrode 
(scan line) , 82 is a signal line, 83 is a pixel electrode, and 84 
is an MIM element. The pitch of the pixel electrodes was made 
perpendicular and parallel to the signal line and set to 160|om, 
the width of the signal line was made lOjim, the gap between 
signal line and pixel electrode was made lOjim, and the gap 
between adjacent pixel electrode and pixel electrode was made 
10|im. 

[0054] 

Fig. 5 shows the polarizing axis and rubbing direction of 
the polarizing plates in the reflective liquid crystal device 
shown in Fig. 10. 31 is the transmissive axis of upper 
polarizing plate 2, 51 is the direction of the lag phase axis of 
retardation plate 41, 32 is the rubbing direction of liquid 
crystal 5 on upper substrate 3, 33 is the rubbing direction of 
liquid crystal 5 on lower substrate 7, 34 is the angle 91 formed 
by the transmissive axial direction 31 of the upper polarizing 
plate 2 with the horizontal direction, 35 is the angle 92 formed 
by the rubbing direction 32 of the upper substrate 3 with the 
horizontal direction, 36 is the angle 93 formed by the rubbing 
direction 33 of the lower substrate 7 with the horizontal 
direction, and 52 is the angle 04 formed by the direction the lag 
phase axis 51 of the retardation plate 41 with the horizontal 
direction. 

[0055] 

The same item as that of Embodiment 3 was used for the 
scattering plate. When the settings are made for 1 and 3 based 
on the configuration of Fig. 9 and the settings are made for 2 
and 4 based on that of Fig. 10, the An x d of the liquid crystal, 
the angles of the polarizing plates, and the like, and the phase 
variation of the retardation plate were set as in the following 
table. Also, No. 1 and No. 2 are those having orientation 
processing applied to the areas outside the pixel area, and No. 3 



and No. 4 are those not having orientation processing applied to 
the areas outside the pixel area. 

[0056] 

[Table 4] 

1 phase variation 

2 twist direction 

[0057] 

Also, their properties are shown in the following table. 
[0058] 
[Table 5] 

5 normal direction of substrate 

6 direction of reflection 

7 reflectivity 

8 contrast 

9 orientation processing outside pixel section 

10 yes 

11 no 

[0059] 

In all examples, it is possible to obtain a high contrast in 
the optimal position and an extremely bright display, but by 
providing orientation processing on the metallic wiring as well, 
an even brighter display could be obtained. 

[0060] 

(Embodiment 7) 

Fig. 11 is a cross-section drawing of a reflective liquid 
crystal device pertaining to the invention as defined in Claim 4 
of the present invention. First the configuration is explained. 
1 is a scattering plate, 2 is an upper polarizing plate, 3 is an 
upper substrate, 4 is an upper electrode, 5 is liquid crystal, 8 
is a lower polarizing plate, 111 is a lower electrode plus mirror 
reflector, and 7 is a lower substrate. Liquid crystal 5 is 
twisted 90° in the cell, and it is TN mode, whereby the 
absorption axes of polarizing plates 2 and 8 coincide with the 
lag phase axis of liquid crystal 5 at the proximal boundary. The 
product An x d of the thickness d of liquid crystal 5 and the 
birefringence An is 0.48|om. Aluminum was vapor deposited on the 
lower electrode, and the polarizing plates were obtained by 



painting and orienting a crystalline polymer solution containing 
a black dichromatic dye on a polyimide orientation film. The 
same item as that of Embodiment 3 was used for the scattering 
plate. 

[0061] 

The reflective liquid crystal device of the above 
configuration had a brightness of 28% and contrast of 1:18 during 
white display in the normal direction of the substrate in a room, 
and a brightness of 44% and contrast of 1:16 in the direction of 
reflection of a ceiling lamp. 

[0062] 

(Embodiment 8) 

Fig. 12 is a cross-section drawing of a reflective liquid 
crystal device pertaining to the invention as defined in Claim 5 
of the present invention. 1 is a scattering plate, 2 is an upper 
polarizing plate, 3 is an upper substrate, 4 is an upper 
electrode, 5 is liquid crystal, 111 is a lower electrode plus 
mirror reflector, and 7 is a lower substrate. 

[0063] 

Fig. 3 shows the polarizing axis and rubbing direction of 
the polarizing plates in the reflective liquid crystal device 
shown in Fig. 12. 31 is the transmissive axis of upper 
polarizing plate 2, 32 is the rubbing direction of liquid crystal 
5 on upper substrate 3, 33 is the rubbing direction of liquid 
crystal 5 on lower substrate 7, 34 is the angle 91 formed by the 
transmissive axial direction 31 of the upper polarizing plate 2 
with the horizontal direction, 35 is the angle 82 formed by the 
rubbing direction 32 of the upper substrate 3 with the horizontal 
direction, and 3 6 is the angle 03 formed by the rubbing direction 
33 of the lower substrate 7 with the horizontal direction. 

[0064] 

Fig. 13 is a drawing showing the configuration of another 
reflective liquid crystal device pertaining to the invention as 
defined in Claim 5 of the present invention. First the 
configuration is explained. 1 is a scattering plate, 2 is an 
upper polarizing plate, 41 is a retardation film, 3 is an upper 
substrate, 4 is an upper electrode, 5 is liquid crystal, 161 is a 
lower electrode plus mirror reflector, and 7 is a lower 
substrate . 



[0065] 



Fig. 5 shows the method of placing the polarizing plates, 
and the like, of the reflective liquid crystal device shown in 
Fig. 13. 31 is the transmissive axis of upper polarizing plate 
2, 51 is the direction of the lag phase axis of retardation plate 
41, 32 is the rubbing direction of liquid crystal 5 on upper 
substrate 3, 33 is the rubbing direction of liquid crystal 5 on 

lower substrate 7, 34 is the angle 01 formed by the transmissive 
axial direction 31 of the upper polarizing plate 2 with the 
horizontal direction, 35 is the angle 02 formed by the rubbing 
direction 32 of the upper substrate 3 with the horizontal 
direction, 36 is the angle 03 formed by the rubbing direction 33 
of the lower substrate 7 with the horizontal direction, and 52 is 

the angle 04 formed by the direction the lag phase axis 51 of the 
retardation plate 41 with the horizontal direction. The same 

items as those of Embodiment 1 were used for the angles, the An x 
d of the liquid crystal, and the phase variation of the 
retardation plate. 

[0066] 

The same item as Embodiment 3 was used for the scattering 
plate. 

[0067] 

The properties of the reflective liquid crystal display 
element of the above configuration are shown in the following 
table. Nos . 1-3 are based on the configuration of Fig. 12, and 
Nos. 4-6 are based on the configuration of Fig. 13. 

[0068] 

[Table 6] 

1 normal direction of substrate 

2 direction of mirror reflection 

3 reflectivity 

4 contrast 

[0069] 

All were able to achieve a display of sufficient contrast 
and brightness. 

[0070] 

( Embodiment 9 ) 



Fig. 14 is a drawing showing the essential components of a 
reflective liquid crystal device pertaining to the invention as 
defined in Claim 6 of the present invention. 1 is a scattering 
plate, 2 is an upper polarizing plate, 41 is a retardation film, 
3 is an upper substrate, 5 is liquid crystal, 7 is a lower 
substrate, 81 is an opposing electrode (scan line) , 82 is a 
signal line, 83 is a pixel electrode plus mirror reflector, 84 is 
an MIM element, and 141 is a color filter. The pitch of the 
pixel electrodes was made perpendicular and parallel to the 
signal line and set to 160|-im, the width of the signal line was 
made 10|xm, the gap between signal line and pixel electrode was 
made 10|am, and the gap between adjacent pixel electrode and pixel 
electrode was made lOjim. 

[0071] 

Fig. 5 shows the placement directions of the polarizing 
plate, and the like, of the present embodiment. 31 is the 
transmissive axis of upper polarizing plate 2, 51 is the 
direction of the lag phase axis of retardation plate 41, 32 is 
the rubbing direction of liquid crystal 5 on upper substrate 3, 
33 is the rubbing direction of liquid crystal 5 on lower 
substrate 7, 34 is the angle 91 formed by the transmissive axial 
direction 31 of the upper polarizing plate 2 with the horizontal 
direction, 35 is the angle 92 formed by the rubbing direction 32 
of the upper substrate 3 with the horizontal direction, 36 is the 

angle 93 formed by the rubbing direction 33 of the lower 

substrate 7 with the horizontal direction, and 52 is the angle 94 
formed by the direction the lag phase axis 51 of the retardation 
plate 41 with the horizontal direction. 

[0072] 

The same item as Embodiment 3 was used for the scattering 
plate . 

[0073] 

The An x d of liquid crystal 5 was set to 0.33{im, 91 was set 
to -80°, 92 was set to -74°, 93 was set to 74°, 94 was set to 9°, 
and the phase variation of the retardation plate 41 was set to 
0.31jim. Orientation processing was applied also to the signal 
line 82 in the same manner as pixel electrode plus mirror 
reflector 83. 



[0074] 



Cyan (C in the drawing) and red (R in the drawing) color 
filters having 75% average transmissivity were used for color 
filters 141. 

[0075] 

The reflective liquid crystal device of the above 
configuration had a brightness of 30% and contrast of 1:15 during 
white display in the normal direction of the substrate in a room, 
and a brightness of 51% and contrast of 1:12 in the direction of 
reflection of a ceiling lamp. The display colors were x = 0.28, 
y = 0.32 for red and was x = 0.28, y = 0.31 for cyan. 

[0076] 

A display of sufficient contrast and brightness was 
achieved. 

[0077] 

(Embodiment 10) 

Fig. 1 is a cross-section drawing of reflective liquid 
crystal devices No. 1 and No. 2 pertaining to the invention as 
defined in Claim 7 of the present invention. First the 
configuration is explained. 1 is a scattering plate, 2 is an 
upper polarizing plate, 3 is an upper substrate, 4 is an upper 
electrode, 5 is liquid crystal, 6 is a lower electrode, 7 is a 
lower substrate, 8 is a lower polarizing plate, and 9 is a mirror 
reflector. Liquid crystal 5 is twisted 90° in the cell, and No. 
1 and No. 2 are TN mode, whereby the absorption axes of 
polarizing plates 2 and 8 coincide with the lag phase axis of 

liquid crystal 5 at the proximal boundary. The product (An x d) 
of the thickness d of liquid crystal 5 and the birefringence An 
is 0.48|im. 

[0078] 

The same item as that of Embodiment 3 was used for the 
scattering plate. 

[0079] 

151 is the appearance of the change of transmissivity over 
voltage of No. 1, and 152 is the appearance of the change of 
transmissivity over voltage of No. 2. No. 1 is a normally-white 
display, and No. 2 is normally-black display. 



[0080] 



For the reflective liquid crystal devices of the above 
configurations , No. 1 had a brightness of 25% and contrast of 
1:15 during white display in the normal direction of the 
substrate in a room, and a brightness of 45% and contrast of 1:12 
in the direction of reflection of a ceiling lamp, and No, 2 had a 
brightness of 23% and contrast of 1:15 during white display in 
the normal direction of the substrate in a room, and a brightness 
of 42% and contrast of 1:13 in the direction of reflection of a 
ceiling lamp. 

[0081] 

A display of sufficient contrast and brightness was achieved 
for both, but the normally-white mode can obtain a brighter and 
more desirable display. This is because the area outside the 
pixels contributes to the brightness. 

[0082] 

[Effect of the Invention] 

According to the present invention as described above, it is 
possible to provide a bright, high-contrast reflective liquid 
crystal device that uses reflected light, by using a scattering 
plate including backscattering and a mirror reflector. 

[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a drawing showing the cross section of a 
reflective liquid crystal device in Embodiments 1, 3, and 10 of 
the present invention. 



[Fig. 2] 

Fig. 2 is a drawing showing 
reflective liquid crystal device 
present invention . 

[Fig. 3] 



the cross section of a 

in Embodiments 2 and 4 of the 



Fig. 3 is a drawing showing the rubbing direction of the 
liquid crystal and the axial directions of the polarizing plates 
of a reflective liquid crystal device in Embodiments 2, 4, 6, and 
8 of the present invention. 



[Fig. 4] 



Fig. 4 is a drawing showing the cross section of a 
reflective liquid crystal device in Embodiments 2 and 4 of the 
present invention . 

[Fig. 5] 

Fig. 5 is a drawing showing the rubbing direction of the 
liquid crystal, the axial directions of the polarizing plates, 
and the lag phase axial direction of the retardation plate of a 
reflective liquid crystal device in Embodiments 2, 4, 6, and 8 of 
the present invention. 

[Fig. 6] 

Fig. 6 is a drawing showing the cross section of a 
conventional reflective liquid crystal device. 

[Fig. 7] 

Fig. 7 is a drawing showing the scattering properties of the 
scattering plate in Embodiments 3, 4, 5, 6, 7, 8, 9, and 10 of 
the present invention. 

[Fig. 8] 

Fig. 8 is a drawing showing the essential components of a 
reflective liquid crystal device in Embodiment 5 of the present 
invention. 

[Fig. 9] 

Fig. 9 is a drawing showing the essential components of a 
reflective liquid crystal device in Embodiment 6 of the present 
invention. 

[Fig. 10] 

Fig. 10 is a drawing showing the essential components of a 
reflective liquid crystal device in Embodiment 6 of the present 
invention. 

[Fig. 11] 

Fig. 11 is a drawing showing the cross section of a 
reflective liquid crystal device in Embodiment 7 of the present 
invention. 



[Fig. 12] 



Fig. 12 is a drawing showing the cross section of a 
reflective liquid crystal device in Embodiment 8 of the present 
invention. 



[Fig. 13] 

Fig. 13 is a drawing showing the cross section of a 
reflective liquid crystal device in Embodiment 8 of the present 
invention. 

[Fig. 14] 

Fig. 14 is a drawing showing the essential components of a 
reflective liquid crystal device in Embodiment 9 of the present 
invention. 

[Fig. 15] 

Fig. 15 is a drawing showing the relationship between 
voltage and transmissivity of a reflective liquid crystal device 
in Embodiment 10 of the present invention. 

[Description of the Symbols] 



on upper substrate 3 
on lower substrate 7 



1 scattering plate 

2 upper polarizing plate 

3 upper substrate 

4 upper electrode 

5 liquid crystal 

6 lower electrode 

7 lower substrate 

8 lower polarizing plate 

9 mirror reflector 

31 transmissive axial direction of upper polarizing plate 2 

32 rubbing direction of liquid crystal 5 

33 rubbing direction of liquid crystal 5 

34 angle formed by 31 with horizontal 

35 angle formed by 32 with horizontal 

36 angle formed by 33 with horizontal 
41 retardation plate 

51 lag phase axis of retardation plate 41 

52 angle formed by 51 with horizontal 
61 scattering reflector 

71 incident light 

72 reflected light 

73 10° cone centered on 72 

81 opposing electrode 

82 signal line 

83 pixel electrode 
8 4 MIM element 



Ill lower electrode plus mi 

141 color filter 

151 voltage-transmissivity 

152 voltage-transmissivity 



rror reflector 

curve of normally-white mode 
curve of normally-black mode 
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Abstract of the Disclosure 



[Abstract] 

[Object] To provide a reflective liquid crystal device combining 
brightness and sufficient contrast. 

[Means to Achieve the Object] A reflective liquid crystal 
device, comprising a pair of opposing substrates having 
electrodes on the inside, a liquid crystal sandwiched between 
said substrates, at least one polarizing plate, and a reflector, 
characterized in that the reflector is a mirror reflector, and a 
scattering plate is provided on the substrate on the side of the 
incident light. 



[Selected Drawing] Fig. 12 
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